Electronic Version 
Stylesheet Version vl.1.1 

Description 

[METHOD OF PREPARING LABDANE 
DITERPENE COMPOSITION, PREFERABLY 

ISOFORSKOLIN AND 
DEACETYLFORSKOLIN FROM FORSKOLIN 
EXTRACT AND THEIR USE FOR 
PROMOTING LEAN BODY MASS AND 
OTHER APPLICATIONS] 

Background of Invention 
[Field of invention] 

[0001] The invention describes methods of preparation of iso- 
forskolin extract, deacetylforskolin extract and related 
compounds from a natural source. Compositions, and hu- 
man and veterinary applications of such extracts in weight 
management through promoting lean body mass, and in 
topical preparations for cellulite control, are also de- 
scribed. 



[Description of Prior Art] 

[0002] obesity has grown to epidemic proportions in many parts 
of the world. Obesity has been a major risk factor in num- 
ber health disorders including cardiovascular diseases, di- 
abetes, hypertension, cancer and others. Most weight loss 
pharmaceutical compositions and nutraceutical aids are 
designed to decrease the amount of body fat in an indi- 
vidual by decreasing the individual's appetite for food, de- 
creasing the amount of food absorption in the individual, 
slowing down the rate of fatty acid synthesis within the 
body, or increasing the rate of catabolism of fatty acids. 

[0003] The following are some examples of weight loss products 
and their mechanisms. Dexfenfluramine increases the 
brain levels of serotonin, a neurotransmitter and neuro- 
hormone that quells the appetite. Sibutramine also in- 
creases the levels of serotonin, as well as noradrenaline, 
and works to quell the appetite. Neuropeptide Y inhibitors 
curb the appetite, as well as stimulating the body to burn 
more sugars and less fat. Bromeriptine mimics the neuro- 
transmitter dopamine, and may reduce blood sugar and 
fat production by the liver. Leptin, a hormone generated 
by adipocytes, affects the hypothalamus. Cholecystokinin, 
a hormone and neurotransmitter, acts to reduce appetite. 



Butabindide blocks an enzyme that inactivates cholecys- 
tokinin. Orlistat interferes with pancreatic lipase, which 
results in poor absorption of dietary fat. Insulinotropin is 
a glucagons-like hormone which prevents obesity by 
slowing down the emptying of the stomach. Bta-243 
stimulates beta-adrenergic receptors on adipocytes, with 
a resulting increase in the burning of fatty acids. Troglita- 
zone is a synthetic hormone which signals muscle cells to 
utilize fat for energy, rather than sugars. Cytokine regula- 
tors change the activity of hormone-like cytokines and al- 
ter the communication among cells, resulting in weight 
loss. Hydroxycitric acid acts as an inhibitor of enzyme cit- 
rate lyase, which subsequently slows down the synthesis 
of fatty acids and increases the rate at which fatty acids 
are burned. 

[0004] The average amount of body fat in the American male is 
22 to 25%, and in the American female, the average 
amount of fat is 33 to 35%. These values are far above 
optimal values, which are 15 to 19% for 20 to 29 year old 
males and 19 to 23% for 20 to 29 year old females. Corre- 
sponding values for 40 to 49 year olds are 17 to 21% and 
21 to 25%, respectively; and for 60 year olds, the corre- 
sponding values are 19 to 23% and 23 to 27%, respec- 



tively. In highly overweight individuals, fat tissue can con- 
stitute up to 70% of body weight. 

[0005] The remaining percentage of body composition corre- 
sponds to the lean body mass. Lean body mass is com- 
posed of muscle, vital organs, bone, connective and other 
non-fatty tissues in the body and most of the body water. 
The body"s metabolic rate is in direct proportion to the 
amount of lean body mass. Therefore, considering the 
lean body mass is important for any weight loss strategy. 

[0006] The aforementioned weight control means do not take 

into account the importance of maintaining or increasing 
the lean body mass in the process of weight loss. In fact, 
regimes to decrease body fat often contribute to the 
catabolic wasting of lean body mass. Increased lean body 
mass regulates body metabolism and helps in losing 
weight, as well as maintaining the accomplished weight 
reduction. On the other hand, diminished lean body mass 
slows down body metabolism and results in difficulties in 
maintaining an appropriate, healthy body weight. Thus, an 
ideal weight management approach should be to reduce 
body weight to acceptable levels by restoring the optimal 
proportions of fat to lean body mass. By maintaining or 
increasing the lean body mass while simultaneously re- 



ducing body fat, the weight loss regimen would serve the 
general purpose of improving the overall health of the in- 
dividual. 

[0007] Maintaining or increasing the lean body mass (for exam- 
ple, skeletal muscles) is one of the important considera- 
tions for any weight loss strategy because of lean body 
mass determines the rate of metabolism and the body"s 
thermogenic response to food and food induced thermo- 
genesis and the metabolic rate, in turn, control body 
weight by an increase in the catabolism of body fat. This 
is so because thermogenesis is preferentially fueled by 
fatty acids derived from stores of body fat and from food. 
In addition, a high rate of thermogenesis contributes to 
more food being absorbed and to the preferential build up 
of lean body mass rather than adipose tissue. 

[0008] Forskolin (CAS no 66575-29-9) is a naturally occurring 
labdane diterpene from Coleus forskohlii (Bhat, S.V.; Ba- 
jwa, B. S.; Dornauer, H.; de Souza, N. J.; Fehlabar, H.-W.; 
Tetrahedron Lett., (1977), 18, 1669). It has several desir- 
able pharmacological properties. 

[0009] us Patent 5,804,596 revolutionized the concept of weight 
management by reporting the use of Forskolin composi- 
tion from forskolin extract in promoting lean body mass 



and treating mood disorders. 
[0010] Extracts from plants containing Forskolin is reported to 
contain related labdane diterpenes like Isofoskolin, 
deacetylforskolin, dideoxyforskolin, diacetylforskolins 
among others (de Souza NJ J of Ethanopharmacology, 38, 
1993). 

[0011] structure and activity studies have indicated the critical 
importance of concomitant nature of l-a and 9-a hy- 
droxy groups for activity. Studies have indicated that 
7-deacetylforskolin and 6 -acetyl- 7- deacetylforskolin 
(isoforskolin) to be equally effective as Forskolin as hy- 
potensive, anti-hypertensive, positive inotropic properties 
and as adenylate cyclase activator ( RH Rupp, NJ de Souza, 
A.N Dohadwalla in Forskolin: Its Chemical, Biological and 
Medicinal Potential, Hoechst India Limited , Bombay , 39- 
47, 1985 ) 

[0012] Diverse biological activities are observed by raising the 
levels of cAMP and as a result activating protein kinase. 
Such properties have led to numerous uses of Forskolin. 
Due to such activities, more than 1500 citations dealing 
with the physiological properties of Forskolin and other 
synthetic derivatives appeared in Chemical Abstracts in 
2001. 



[0013] us Patent 4476140 describes a composition and method 
for treatment of Glaucoma by administration of a thera- 
peutically effective amount of a material selected from the 
group consisting of forskolin, colforsin and polyoxy- 
genated Labdane derivatives. The active agent concentra- 
tion of 0.1% to 4% is reported herein to be physiologically 
effective when administered as a topical suspension to the 
eye. 

[° 014 ] US5070209, US4978678, US5023344, US4871764 de- 
scribe novel 12-halogenated forskolin derivatives, inter- 
mediates and processes for the preparation thereof, and 
methods for reducing intraocular pressure utilizing com- 
pounds or compositions. 

[0015] EP0268256 describes novel 12-halogenated forskolin 

derivatives, intermediates and processes for their prepa- 
ration, and methods for reducing intraocular pressure uti- 
lizing the compounds or compositions. 

[0016] p r j or a rt does not teach or reveal any method of preparing 
of Isoforskolin or Deacetylforskolin composition from a 
extract of the Coleus forskohlli plant for nutraceutical or 
cosmeceutical applications, particularly in the area of 
weight management and cellulite. Such a method and 
compositions would be useful for providing a more pure 



form of isoforskolin and or Deacetylforskolin than that 
which is presently available on the market, and for provid- 
ing a standardized amount of active labdane diterpene in- 
cluding isoforskolin and deacetylforskolin either alone or 
in combination with or without forskolin in ratios that oc- 
cur naturally in extracts, which can thereafter be further 
processed by other manufacturers, or combined with nu- 
tritional supplements by end users. 
Summary of Invention 

[0017] The invention describes the method of preparation and 

analysis of composition of labdane diterpenes, preferably, 
isoforskolin and deacetylforskolin either alone or in com- 
binations with or without diterpenes such as Forskolin. 
The invention also describes the possible use of the 
aforesaid composition, orally in weight management 
preferably to promote lean body mass and reduce obesity. 
Another embodiment of the invention describes the use of 
such composition as anti-cellulite when applied topically 
in different dosage forms. The invention also describes 
the use of aforesaid composition with other known syn- 
thetic or natural phosphodiesterases, lipase inhibitors and 
other thermogenic extracts or molecules for weight man- 
agement. 



Detailed Description 



[0018] Forskolin has the following structure 




[0019] a closely related isomer is called Isoforskolin and it has 
the following structure 




[0020] Another closely related structure of Forskolin is 7- 
deacetylforskolin whose structure is given below 




Structure of 7 deacetylforskolin 



[0021] v\/e believe that the invention compositions increases the 
lean body mass by stimulating the enzyme adenylate cy- 
clase (AC), with a resulting increase in the levels of cAMP. 
The increase levels of cAMP in the tissues correspond well 
to enhancing the thermogenic response to food. An in- 
crease in the thermogenic response to food, in turn, im- 
proves absorption of nutrients and their preferential in- 
corporation into lean body mass. Thus, the formation of 
lean body mass is promoted. 

[0022] isoforskolin and 7-deacetylforskolin have a mechanism of 
action similar to forskolin, in that, these molecules stimu- 
late noradrenaline released from the sympathetic nerves 
to interact with beta-adrenergic receptors. This results in 



an increase in AC enzyme, with a subsequent rise in cAMP 
levels. cAMP stimulates the activity of protein kinase 
which phosphorylates a hormone-sensitive lipase to pro- 
duce the active form of this enzyme. The lipase stimulates 
the release of fatty acids from body adipose depots. The 
released fatty acids stimulate the uncoupling process in 
the mitochondria, resulting in thermogenesis and provi- 
sion of fuel to increase thermogenesis. 
[0023] There is an increase in the beta-adrenergic dependent 

metabolic functions, which leads to an increase in the lean 
body mass, i.e., activation of phosphorylase in skeletal 
muscles, insulin secretion, and the synthesis and secre- 
tion of anabolic steroid hormones. Isoforskolin and 
Deacetylforskolin restores the level of monoamines for 
presynaptic availability, which has known anti-depressant 
action; There is an increase in cAMP in the postsynaptic 
effector cells in the brain, which is a "second messenger", 
in comparison to the primary messenger" action of the 
monoamines. 

[0024] | n the present method of promoting lean body mass, the 
isoforskolin and/or deacetylforskolin should be adminis- 
tered in a daily dose of from about 10 to about 60 mg. It 
is preferred that the daily dose be divided into a plurality 



of individual doses. It is further preferred that three indi- 
vidual doses be used. In any case, the individual doses are 
preferably from about 10 to about 20 mg each. 

[0025] | n the present method of treating a mood disorder, the 

isoforskolin and deacetylforskolin should be administered 
in a daily dose of from about 10 to about 60 mg. It is pre- 
ferred that the daily dose be divided into a plurality of in- 
dividual doses. It is further preferred that three individual 
doses be used. In any case, the individual doses are 
preferable from about 10 to about 20 mg each. 

[0026] | n either method of the invention, the isoforskolin and 
deacetylforskolin can be administered in combination 
therapy with additional ingredients. Some examples of 
additional ingredients. Some examples of additional in- 
gredients are extract from Carcinia cambogia in the form 
of natural (-) hydroxy citric acid or its salts (e.g., calcium 
or potassium salts); organic salts of vanadium (e.g., bis 
maltolato vanadium or bis glycinato vanadium); extract 
from Piper nigrum (black pepper) or Piper longum (long 
pepper) containing alkaloid piperine; or extract from Sida 
cordifolia containing alkaloid ephedrine or guarana ex- 
tract or green tea extract. 

[0027] The isoforskolin or deacetylyforskolin can be administered 



orally, topically or parenterally, although orally is pre- 
ferred. Carriers, diluents or excipients are well known in 
the art. 

[0028] The present invention includes isoforskolin and deacetyl- 
forskolin compositions. The composition can comprise 
about 1% to about 40% isoforskolin and/or 7- deacetyl- 
forskolin . It is more preferred to include about 5% to 
about 20% isoforskolin and/or 7- deacetylforskolin. It is 
even more preferred to include about 8% to about 15% 
isoforskolin and/or 7- deacetylforskolin. A composition 
containing about 10% isoforskolin and/or 7- deacetyl- 
forskolin is most preferred. 

[0029] Example 1: Commercial process for making Isoforskolin: The 

present invention also includes a method of preparing a 
isforskolin composition from a forskolin extract of Coleus 
forskohlii plant. The method involves extracting the pul- 
verized roots of the plant with an solvent including water, 
C1-C4 alcohols, chlorinated solvents like MDC, toluene or 
hexane or solvent is a mixture of water and alcohol of 
which the preferred extracting medium is toluene. The 
concentrated toluene extract is precipitated with more 
non-polar solvents of the type heptane , pentane, hexane; 
filtered, and the filtrate is back extracted with mixtures of 



aqueous alcohols in ratios of 10:90 to 90:10 to obtain the 
desired molecule isoforskolin which is further crystallized 
with alcohols to obtain the desired purity. 

[0030] Example 2: Commercial process for making 7-deacetylforskolin: 
Total extract from the above example is dissolved in a 
solvent medium which includes but is not limited to alco- 
hols, toluene or hexane and treated with immobilized en- 
zyme lipase in concentrations of 0.1-10%, preferably 
1-5%, at 37°C under stirring forl2hrs. Once the reaction 
is complete, the material is back extracted with mixtures 
of aqueous alcohols in ratios of 10:90 to 90:10 to obtain 
the desired molecule 7- deacetylforskolin which is further 
crystallized with alcohols to obtain the desired purity. 

[0031 ] Example 3: Commercial process for making Isofoskolin and 

7-deacetylforskolin by Carbon dioxide extraction: Supercritical 
fluid extraction using carbon dioxide with and without en- 
trainer such as ethanol, acetone or ethyl acetate extract 
Isofoskolin and deacetylforskolin from the roots of Coleus 
plant are described. The extracts were obtained at tem- 
peratures ranging from 25°to 120°C, preferably between 
45°- 55°C, the extraction fluid pressure was maintained 
between 100 to 300 bar preferably at 300 bars with or 
without co-solvents, preferably 5% to 80% ethanol, prefer- 



ably 30-60% ethanol, for 1-5 hrs, preferably for 3 hrs and 
at carbon dioxide flow rate of 1-4 kg/h, preferably at 2 
kg/hr. The extract obtained is hydrolyzed with lipase en- 
zyme in a liquid media and crystallized out from ethanol 
to obtain deacetylforskolin of desired purity. 

[0032] Example 4: Comparative effect of Isoforskolin , Deacetylforskolin 
and Forskolin extract on animal model of obesity. 

[0033] The study was done on Swiss Albino mice (Haffkine"s In- 
stitute .Murnbai, India), aged between 25-30 weeks, on a 
total of 84 animals divided into 12 animals each. 

[0034] study Design: The mice under treatment were fed with 

diet rich in carbohydrates and fats. The diet produced re- 
liable weight gain over controls. Drug treatment was 
started only when the difference between the body 
weights of control and the treated mice exceeded lOg. 
The mice in respective groups, were given a daily fixed 
dose of Isofoskolin Extract, 10% 
D7-deacetylforskolinextract and Forskolin extract 
(lmg/ml) for a period of six weeks, by means of gastric 
intubation, twice a day . At the end of sixth week, six mice 
per group were put to sleep after taking body weight and 
flab measurements. The blood was drawn by cardiac 
puncture and immediately centrifuged to separate the 



plasma and analyzed for Cholesterol, tryglycerides , glu- 
cose, Thyroxine T3, T4 and TSH levels. 

[0035] Abdominal fat and thyroid were fixed for histopathology. 
A separate sample of adipose tissue were collected and 
analyzed for total lipid content. The remaining mice from 
each group were continued on the same diet as given dur- 
ing the first six weeks of treatment. This group was main- 
tained in this manner for additional six weeks at the end 
of which non-invasive parameters such as body weight 
and flab were once again assessed. 

[0036] Results: Both control and treatment mice tolerated the 

procedure of gastric intubation through out the six week 
treatment period. The extracts 10% Isoforskolin, 10% DAF 
and 10% Forskolin were well tolerated by the population of 
mice. 

[0037] At the end of six weeks , six animals from each group, 

randomly selected, put to sleep and dissected to (a) excise 
adipose tissue and thyroid for histopathology (b) examine 
general anatomy and noting the changes, if any, in organs 
such as gut, heart, lungs, liver, pancreas, kidney, kidneys, 
reproductive organs etc. It was observed that none of the 
animals exhibited any abnormal anatomical features. 

[0038] The abdominal fat shows interesting features in different 



groups: for example the control group mice under 
placebo or drug treatment showed good amount of ab- 
dominal fat distribution in bilateral lobes of adipose tis- 
sue. The animals from obese placebo group had signifi- 
cantly large quantity of abdominal fat with bilateral adi- 
pose tissue lobes extending into more than one third of 
the abdominal cavity. On the other hand, obese group an- 
imals treated with 10% Isofoskolin, 10% DAF and 10% 
Forskolin had practically exhausted the abdominal fat 
which was more pronounced in 10% Forskolin and 10% 
Isofoskolin group. In these groups of animals, there were 
significant loss of peritoneal fat as well as the fatty depo- 
sition in close association with uteri. Adipose tissue close 
to the kidney and ovary appeared to be adequate, though 
less in comparison with obese group under placebo treat- 
ment. 

Table 1 : Effect of treatment on the weekly record of body weights of experimental mice 



Treatment 


Average body weight (n=12) (In g) 
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** Significant reduction in weight by One Way Analysis of 
Variance (ANOVA) Extract 1 : Contains 10% Forskolin, Ex- 
tract 2 : Contains 10% 7-deacetylforskolin, Extract 3 : 
Contains 10% Isoforskolin. As seen in the above table, 
there is significant reduction in the total body weight in all 
the treatment group, the percentage change being maxi- 
mum in Forskolin group. 



Table 2: Effect of treatment on the weekly record of Abdominal flab of experimental mice 
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Average Abdominal Flab fri = 
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** Indicates statistical significance in a One Way Analysis 
of Variance (AVOVA) Extract 1 : Contains 10% Forskolin, 
Extract 2 : Contains 10% 7-deacetylforskolin, Extract 3 : 
Contains 10% Isoforskolin. As seen in the above table, 
there is significant reduction in the abdominal flab in all 
the treatment group, the percentage change being maxi- 
mum in Forskolin group. 
[0039] The extracts Isofoskolin 10%, 7-deacetylforskolin 10% and 



Forskolin 10%, when used at 2 mg/mice/day in divided 
dose significantly reduces the body weight and fat in 
mice. 

[0040] All the treatment in obese animals show a significant re- 
duction in the abdominal flab, in tandem with the weight 
loss. The flab dimension and weight gain or weight loss 
show a direct correlation. 

[0041] The blood parameters such as glucose and cholesterol do 
not show statistically significant difference with the treat- 
ment at the end of six weeks treatment when compared 
with control or obese groups, suggesting that the treat- 
ments do not have any adverse influence on glucose or 
carbohydrate metabolism. The thyroid hormone T3 and 
TSH levels did not show a significant change in obese 
treated groups. 

[0042] Histological characteristics of thyroid tissue appeared 
similar in control, obese and treatment groups. 

[0043] The treatment does affect the quantity of fat stored in the 
adipose tissue. All the treatment groups have less density 
of adipose tissue and fat content when compared with 
controls and obese group. Apparently the treatment mo- 
bilizes fat stored in adipose tissue as a result the recipi- 
ents lose obesity 



